The interaction of a gravitational wave with a system made of an RLC circuit forming one end of a mechanical harmonic oscillator is investigated. We show that, in some configurations, the coherent interaction of the wave with both the mechanical oscillator and the RLC circuit gives rise to a mechanical quality factor increase of the electromagnetic signal. When this system is used as an amplifier of gravitational periodic signals a sensitivity of 10 −30 on the amplitude of the metric could be achieved.
Gravitational wave detection is a research field which is actively under development by many groups all over the world (see [1] ). All the devices yet operating or under construction may be divided into two classes: the resonant detectors and the interferometers. In the first case one tries to detect the motion of an elastic body due to the gravitational tidal forces acting on it. In the second one the gravitational phase shift on an electromagnetic wave is exploited. In both cases only one kind of gravitational interaction with matter is considered.
In this paper we will study the interaction of a gravitational wave with both a mechanical oscillator and an electromagnetic circuit. As a first result, we will find the rest frame of one end of a damped oscillator in the field of a gravitational wave, generalizing a result contained in [2] . Then we will show that if an electromagnetic system is mounted on a side of a mechanical harmonic oscillator, both interacting with a gravitational wave (see fig. 1 ), then there is a sort of coherent effect: in some configuration the effect is to amplify the responce of the electromagnetic system by the mechanical quality factor of the oscillator. This coherent effect, besides being significant in itself, could be taken into consideration in future experiments for almost two reasons: in fact we will show that the detection limit of such a device is very interesting, being of the order of 10 −30 in the metric perturbation; moreover, and this is the most important peculiarity, there is a sound-proofing effect, that is to say a decrease of the problem of mechanical insulation.
Recently it has been shown [3] how, under certain conditions, a set of conductors behaves in the field of a gravitational wave. These conditions are essentially three. The first one is about the electromagnetic field: it is considered in the long-wavelength approximation in which the frequency of the electromagnetic oscillations ν em is much smaller than c/d (d is the typical linear dimension of the system and c is the speed of light). The second one is about the gravitational field: the spatial distance λ g over which the gravitational wave changes appreciably must be much greater than d. The last condition is about the mechanical behaviour of the system: it is free falling in the field of the incoming wave. This implies that it is at rest in TT-gauge, reference frame in which the calculation is performed. In which follows we will study what happens relaxing in a particular way the last condition. The key idea is to treat the electromagnetic system in the frame in which it is at rest (see also [2] ) so we can use the results of [3] .
In the local inertial frame x µ (greek indices run from 0 to 3, latin indices from 1 to 3), the so-called Fermi Normal Coordinates (FNC) [4] , the interaction with a gravitational wave of a harmonic oscillator made of two masses M, connected with a spring of equilibrium length 2L in the direction n i (L i = Ln i ), in the case in which the wave depends only on time (L << λ g ), is described by the geodesic
where In linear approximation the Riemann tensor is gauge invariant, i.e. it does not depend on the chosen coordinate system. The solution in Fourier space (ξ(ω) =
Now we introduce a new coordinate system y µ which follows the mass gravitational motion. This frame is given by
where the last equality holds in linear approximation theory (see [6] ). If we also take
then the new metric (the rest metric) can be written, neglecting (d/λ g ) 2 terms, as (see [6] )
In this frame, in the same approximations, the mass under consideration is at rest, that is to say if we call (L i + η i ) its coordinates then the geodesic equation
We note that, within the range of the approximations made, the rest frame is a TT-gauge one. This implies that we have found a TT-coordinates system in which the electromagnetic device is at rest under the action of a gravitational wave. We can therefore apply the theory exposed in [3] simply substituting the h ij metric with the rest metric. We observe that if we consider the limit ω 0 → 0 and τ 0 → 0 (free masses) then H ij ≡ h ij as it must be.
We want to point out that our aim is to calculate currents in electromagnetic circuits in TT-gauge. In actual experiments currents are measured in the laboratory reference frame (FNC). However, because of the charge conservation we can write
where I F N C is the current measured in the FNC and I T T the one measured in a TT-gauge (in this case the rest frame). Because of eq. (4), the relation between the current in the two gauges reads
In our approximations both first order corrections are negligible and so
(see also [3] ).
Let us consider now the case of a monocromatic gravitational wave of angular frequency ω g . The coordinate system y µ can be now written as (r = (ω g /ω 0 ); Q m = (ω 0 τ 0 )/2):
while the rest metric takes the form
where
In the resonant case A(1, Q m ) = 0 while B(1, Q m ) = Q m so that the rest metric at mechanical resonance becomes:
We see therefore that the effect of the resonant mechanical interaction of the gravitational wave on the electromagnetic device is to produce on the RLC circuit a sort of effective metric perturbation larger by a factor 2Q m and π/2 phase shifted.
This coherent mechanism amplifies only gravitational signals that interact with both the mechanical oscillator and the electromagnetic device. In fact, if we accelerate the mechanical oscillator, the order of magnitude of the inertial electromotive force induced on the electromagnetic system is
where m e is the electronic mass e its charge and a the magnitude of the acceleration. If the energy of the motion (for instance thermal noise) is comparable with the one due to the gravitational wave interaction then a = ω 2 g Lh where h is the order of magnitude of the gravitational wave amplitude.
Let us consider now the circuit of fig. 2 . The order of magnitude of the electromotive force induced by a gravitational wave with h amplitude is (see [3] )
where V 0 is the order of magnitude of the electrostatic potential in the condensers.
The ratio between theese two electromotive forces is
where we have put Ld = 1 m 2 , ν g is expressed in Hz and V 0 in V olts. In the worst situation putting V 0 = 1 V and ν g = 10 3 Hz we have = 10 −4 for the ratio.
In this way we conclude that in order to calculate the sensibility of the device it suffices to consider noise only on the electromagnetic circuit. The result is that the sensibility in h is increased by the mechanical quality factor Q m . In fact, taking into account eq. (11) one find that the expression for h n , the detection limit on the amplitude of the gravitational wave after an observational time t obs , is (see [3, eq. (6. 44)]):
where Q em is the electomagnetic circuit quality factor. We want to stress that eq. (15) is the electromagnetic analogue and has the same meaning of [1, Suzuki, p. 123, eq. (24)]. In the electromagnetic case, apart from numerical factors, the square of the electrostatic charge plays the rôle of the effective area, and the capacitance that of the mass times the square of the proper angular frequency (as it must be, looking at the motion equations in the two cases).
Taking V 0 = 10 5 Volt, T = 4 K, C = 10 −2 F, ω 0 = 2π × 60 rad/sec, t obs = 4 months = 10 7 sec, Q em = 10 3 in the ohmic case, Q em = 10 6 in the superconducting one and Q m = 10 6 one has, respectively for the ohmic circuit and the superconducting one:
Operating in the ultracryogenic zone (T ∼ 40mK) we obtain
Summarizing, we have found the rest frame for one end of a damped harmonic oscillator in the field of a gravitational wave. This rest frame has been used to find the current flowing in an RLC circuit electrostatically charged, mounted on that end and interacting itself with the wave. The result on the circuit could be described as a coherent effect between two electromotive forces always in phase:
the inertial one (produced by the elastic motion of the armonic oscillator in the field of the gravitational wave) and the one induced directly on the circuit by the wave. Together with this it must be noted that, not having a definite phase, inertial electromotive forces due to noise bar vibrations do not couple coherently with the circuit.
Therefore one may think that an RLC circuit mounted on one end of a mechanical bar detector operating on the same frequency could be useful as an amplifier of gravitational periodic signals, as for instance those produced by pulsars and in particular millisecond pulsars (see [7] ). This new way of amplify signals, due to the coherent interaction, would not only increase the actual detection limits (see for instance [8] , [1, Suzuki, pp. 115-127]) but it would also reduce the problems of the mechanical insulation of the bar, because noise bar vibrations do not couple with the circuit with the same strength as those of gravitational origin.
